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ABSTRACT

BACKGROUND: Only a few literature sources data show the relation of the VDR gene polymorphism and
the susceptibility to developing dental caries. Within this context, investigating the structure of the dental
enamel and the changes of its resistance under the effects of vitamin D and remineralizing therapy among
the persons with the homozygous polymorphism of the VDR gene (A/A) is topical. AIM: to investigate the
effects of vitamin D and the toothpaste with remineralizing contents on the structure of the enamel surface
of the impacted teeth extracted from the individuals with homozygous polymorphism of the VDR gene.
METHODS: In 2023-2025, within the premises of the Dentistry Department of the Federal State Budgetary
Institution of Continuing Professional Education “Central State Medical Academy”, a total of 200 students
aged 22-25 years were screened with undergoing a genetic testing to reveal the polymorphism of the VDR
gene. Out of the 36 assessed subjects, 18 individuals were detected with the homozygous A/A allele that are
currently undergoing orthodontic therapy and requiring an extraction of the impacted molars. A total 24 of
extracted teeth were tested with submerging them into the artificial saliva with an addition of various
media. The dental samples were distributed into four groups: only artificial saliva (I, control); 1000 IU of
cholecalciferol per 100 ml (ll); processing with remineralizing toothpaste (lll); vitamin D and remineralizing
toothpaste (IV). The evaluation of the structure of the dental enamel was carried out using the method of
confocal profilometry with measuring the Ra and Rp roughness parameters. RESULTS: In group Il with the
presence of cholecalciferol, changes were revealed in the roughness parameters (Ra, Rp) of dental enamel
surface, in group Ill (processing with remineralizing toothpaste) the Ra and Rp parameters had similar digital
values. As for the samples from the group IV, comparing to the group I, smoothness was revealed in the dental
enamel surface, which is confirmed by the Ra and Rp (p >0.001) parameters. This effect can be explained
by the synergic action of the cholecalciferol and the remineralizing components of the toothpaste on the
structure of the enamel. CONCLUSION: In the individuals with homozygous polymorphism (A/A) of the VDR
gene, significant changes were revealed in the parameters of dental enamel roughness (Ra and Rp) after the
combined use of cholecalciferol and remineralizing toothpaste, which is related to the smoothening of surface
due to the formation of the homogeneous layer consisting of the microRepair microcrystals.
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cholecalciferol.

For citation:

Tikhonova SN, Kozlova MV, Gorbatova EA. The Evaluation of Efficiency of the Impact of Vitamin D and
Remineralizing Toothpaste on the Structure of the Dental Enamel in the Individuals with Homozygous
Polymorphism in the Gene, Encoding the Intracellular Vitamin D Receptor (VDR). Journal of Clinical
Practice. 2025;16(2):41-52. doi: 10.17816/clinpract678365 EDN: MJYCOQ

Submitted 10.04.2025 Accepted 13.06.2025 Published online 27.06.2025
BACKGROUND prevention measures and modern treatment
According to the results of researches on methods [1].

dental health, the incidence and the intensity of The susceptibility of dental enamel to the effects

dental caries remains high despite the conducted of cariogenic factors is mainly determined by its
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

OueHka 3¢ PpeKTMBHOCTN AencTBMUA BUTammHa D

N peMUHepanusnpyoLen nactTbl Ha CTPYKTYpPy 3manv 3y60B
y NL, C FOMO3UIOTHbIM NOANMOPPN3MOM reHa,
KOAVpYIoLWero BHYTPUKIETOUYHbIN peyenTop ButammHa D

C.H. TuxoHoBa, M.B. Ko3noBa, E.A. lop6aToBa
LleHTpanbHasa rocygapcTBeHHas MeguumHeKasn akagemus YnpasneHus genamu lNMpesugeHta Poccuinckon ®egepaumn,
Mocksa, Poccus

AHHOTALINA

O6ocHoBaHue. EfviHnyYHbIe INTepaTypHbie faHHbIE YKa3biBaloT Ha CBA3b MOAMMOpPgU3Ma reHa BHy TP -
KJeTo4YHOro peuentopa sutamuHa D (VDR) ¢ nipegpacro/iodKeHHOCTbIO K pa3BUTUIO Kapueca. B cBsau
C 9TUIM U3YHYEHUE CTPYKTYPbI dMasiv 3yO60B U UBMEHEHU €€ Pe3NCTEHTHOCTU o4 AencTBueM ButamvHa D
n peMUHepann3vpyroLer Tepanuu y L ¢ roMo3nroTHbIM rnoaumopgusmom reHa VDR (A/A) aensetcs
akTyasibHbIM. Ljenb nccnegoBaHuss — n3y4nTb gevicTBue ButammHa D mn 3yOHOWM nacTbl C peMuHepa-
JINBVPYIOLLMM COCTaBOM Ha CTPYKTYPY MOBEPXHOCTU aMasv yaanEHHbIX PETEHUPOBaHHbIX 3yO0B y /L
C roMo3urotHsIM rommopgusmom reHa VDR. Metogel. B 2023-2025 ropax Ha kagesnpe ctomatosio-
rim OIBY A0 LIFMA o6cnegoBaHo 200 oby4varolymxcsi B BospacTte 22-25 seT, KOTOPbIM MPOBEAEH re-
HEeTNYeCKu TeCT Ha onpegeneHve noammopguama reHa VDR. BbisiBneHoO 18 4enoBek ¢ roMo3nroTHbIM
annenem A/A, HaxOQVBLUVXCS HA OPTOLOHTUYECKOM JIEHEHUN U HYXKOAIOLUUXCS B SKCTPaKUMN PETEHU-
[POBaHHbIX MOJISIPOB. VI3ydanu 24 ypanéHHbix 3yba, KOTOPbIe NMOMELLaIN B UCKYCCTBEHHYIO CJIIOHY C AO-
baBnieHneM pasinyHbeix cpen. Obpasybl 3y60B pacrpenesieHbl Ha YeTbIpe rpynrbi: TObKO UCKYCCTBEH-
Hasi cimoHa (I, KOHTposk); xonekansyngeposn 1000 ME Ha 100 mi (1l); o6paboTka pemuHepann3vpyroLLes
nactou (Ill); ButamuH D n pemuHepanmsupyrowjas nacta (V). ViccnegosaHue CTpyKTypbl aMany 3y060B
rpoBOAMIIN METOAOM KOHGOKa/IbHOU MPpOMUIOMETPUN C U3MEPEHNEM rOKa3aTesiel LUepOXoBaTOCTU
Ra u Rp. Pesynbratbl. B rpynre Il B npucyTCTBUN XOeKaabyupeposa BbisIBIEHb M3MEHEHVST roKasa-
Tenen (Ra, Rp) wepoxoBaTtoCcTy rnoBepxHOCTU amasnu 3ybos, B rpynne lll (obpaboTka pemuHepann3u-
pyroLyer nacton) nokasatesv Ra v Rp umenn aHanornydHele Ungposble 3Ha4YeHus. Y obpasLoB 3y6oB
rpynnbi IV B cpaBHeHW C rpyrnnov | oTMeYeHa CriiaXeHHOCTb LLUEPOXOBATOCTY MOBEPXHOCTY dMas, HTO
nogreep>kgaroT napametpbi Ra n Rp (p >0,001). daHHbii 3¢hheKT MOXKHO OOBLSICHUTL CUHEPIUYECKUM
JevicTBneM xonekaabungepona nu peMUHEPaIN3npyoLLlero coctaBa 3yo6Hou nacTel Ha CTPYKTYPY dMaJiv.
BaknrodeHne. Y L ¢ roMo3uroTHbIM rnosmmopguamom (A/A) reHa VDR ycTaHOBIEHO JOCTOBEPHO 3Ha-
4YYMOE U3MEHEHME MapamMeTpPOB LLIEPOX0BaToOCTV amam 3yba (Ra v Rp) rnpm KOMiIeKCHOM UCo/1b30Ba-
HuM Xonekasbymgepona n peMuHepannsupyroLLer 3yOHOM nacTbl, 4YTO CBS3aHO C BblpaBHUBaHUEM M0-
BEPXHOCTY 3a CYET 06pa30BaHNsi FOMOreHHOro CJ1051, COCTOSILLIErO U3 MUKPOKPUCTA/I/IOB.

KrnroueBbie cnoBa: rosimmopgpuam; red VDR; KoHoKasibHas rnpouiomMeTpusi; peMuHepann3vpyrowasl
nacta; ButamuviH D; xonekanabyngepor.
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structural features, which also depend on various
genetic variations [2].

There are quite few research works proving that the
polymorphism of the gene encoding the intracellular
vitamin D receptor (VDR Bsml rs1544410) is the reason
of vitamin D deficit [3, 4]. X. Qin et al. [5] have reported

the interrelation between low blood cholecalciferol
levels and high incidence of dental caries.

Previously, in the individuals with homozygous
polymorphism (A/A) of the VDR gene, the experiment
on evaluating the enamel structure using the electron
scanning microscopy has shown the morphological
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changes in its surface, resulting from the
demineralization process. The results of spectrometric
analysis have confirmed the activation of the hard
tooth tissues resorption phase, which manifested as an
impairment of the microelement content [6]. According
to the modern concept from the World Health
Organization, one of the most effective strategies for
caries prevention is the remineralizing therapy [7-9].
The preventive and therapeutic effects of mineral
elements (phosphorus, calcium, fluorine) are based on
their inclusion into the crystalline lattice formed by the
dental enamel apatites [10].

There are data on the effective endogenous
prevention of caries expressed as an additional
intake of vitamin D, affecting the calcium-phosphorus
metabolism [11].

In patients with homozygous A/A genotype,
blood vitamin D deficit takes place, being the reason

of impaired calcium metabolism and of developing
a dysbalance of bone tissue remodeling [12].

One of the variants of experimental evaluation of
the dental enamel structure is the confocal optical
profilometry [13], allowing for the assessment of the
enamel surface with using the digital methods and for
conducting the statistical analysis of the results.

Research aim — to evaluate the effects of
using vitamin D and toothpaste with remineralizing
components on the structure of dental enamel of the
impacted teeth extracted from the individuals with
homozygous (A/A) VDR gene polymorphism.

METHODS

Research design

The conducted research is classified as experimental
single-center prospective full-design controlled and
randomized research (Fig. 1).

SCREENED
200 individuals aged 22-25 years (68 males, 132 females),
studying at the Dentistry Department of the FSBI CPE CSMA in 2023-2025

GENETIC TESTING
Assessment of the VDR genotypes (Bsml rs1544410)

Inclusion criteria

® patients with detected homozygous (A/A) polymorphism of the VDR @ ®
gene and diagnosed with vitamin D deficit treated with daily intake of
cholecalciferol at a dosage of 1000 U, having the orthodontic indications
to extracting the third molars of the mandible, with the diagnosis of “K07.35

Impacted or unerupted teeth”

Non-inclusion criteria
screened individuals with the
diseases of the gastrointestinal tract,
kidneys abnormalities, oncological,
autoimmune or endocrine diseases
® pregnancy, breastfeeding

® extracted third mandibular molars with a developed anatomical structure in

the abovementioned patients

36 assessed (16 males, 20 females) with homozygous polymorphism (A/A)
of the VDR gene (Bsml rs1544410) and blood vitamin D deficit

24 extracted (according to the orthodontic indications) impacted lower molars
placed into the containers with artificial saliva (4 groups of 6 teeth)

I, control ]

+ cholecalciferol 1000 U
per 100 ml of solution

only artificial saliva

n v

+ cholecalciferol 1000 1U
per 100 ml of solution
+ treatment with remineralizing
toothpaste

+ treatment
with remineralizing
toothpaste

CONFOCAL OPTICAL PROFILOMETRY

Fig. 1. Research design.

www.clinpractice.ru 43

2025

Vol 16 12



Within the premises of the Dentistry Department of
the Federal State Budgetary Institution of Continuing
Professional Education “Central State Medical
Academy” (FSBI CPE CSMA), 200 students aged
22-25 years were examined (68 males and 132 females)
with conducting the tests for determining the VDR gene
polymorphism (Bsml rs1544410).

Conformity criteria

Inclusion  criteria:  patients  with  detected
homozygous (A/A) polymorphism of the VDR gene
and with diagnosed vitamin D deficit despite the
daily intake of cholecalciferol at a dosage of 1000 IU,
having the orthodontic indications to extracting
the third mandibular molars, with the diagnosis of
“K07.35 Impacted or unerupted teeth”; the extracted
third mandibular molars had a developed anatomical
structure in all of the abovementioned patients.

Non-inclusion criteria: individuals with
gastrointestinal tract diseases, abnormalities in the
kidneys, oncological, autoimmune or endocrine
diseases; pregnancy, breastfeeding.

Research facilities

The clinical research itself, the procedures of
collecting the genetic material and the extraction
of the impacted mandibular molars were arranged
within the premises of the Dentistry Department of the
FSBI CPE CSMA.

The genetic testing purposed to reveal the
polymorphism of the VDR gene encoding the intracellular
vitamin D receptor was carried out at the “MyGenetics”
National Center of Genetic Tests (Novosibirsk).

The measurements of the dental enamel roughness
parameters were conducted using the S Neox confocal
optical profilometer (Sensofar, Spain) at the Federal
State Budgetary Scientific Institution “Technological
Institute for Superhard and Novel Carbon Materials”
under the National Research Center “Kurchatov’s
Institute” (Moscow, Troitsk).

Research duration
The research was carried out during the period from
2023 until 2025.

Medical procedure description

In patients with homozygous polymorphism
(A/A) of the VDR gene (n=18), using the conduction
and infiltration anesthesia with Ultracaine D-S forte
(Sol. Ultracaini forte) at the volume of 1.7 ml, the
formation and the delamination of the mucoperiosteal

44

ORIGINAL STUDY ARTICLE

flap was carried out at the level of the third mandibular
molar projection, then, using the fissural dental drill,
the bony operculum was removed, followed by the
extraction of the impacted teeth using the elevator
tool. Later on, the mucoperiosteal flap was positioned
back to its place and sutured using simple interrupted
sutures. A total of 24 teeth were extracted.

Research outcomes

Main research outcome: the extracted teeth were
cleared of the soft tissues and placed into the flasks
containing the artificial saliva (structurized water;
electrolytes: Na* 0.3 g/I, K* 1 g/I, Ca?* 0.05 g/I, Mg?*
0.01 g/, CI- 0.1 g/, (PO),* 0.1 g/I; organic substances:
0.5% carboxymethylcellulose and alginic acid, urea).
The dental samples in quantities of six were placed into
four flasks according to the following groups: group |
contained only the artificial saliva solution (hereinafter
referred to as the Control group); in group I, the
solution of artificial saliva was supplemented with
cholecalciferol at a concentration of 1000 1U/100 ml;
in group lll, into the enamel of the extracted teeth,
by means of the electric tooth brush, toothpaste
was rubbed in for 2 minutes twice daily (following
the 10 hours interval), with the paste containing the
microRepair microcrystals; in group IV, the extracted
teeth processed with the toothpaste according to
group Il protocol, were placed into the flask
containing the artificial saliva with cholecalciferol at
a concentration of 1000 1U/100 ml.

The flasks were stored at the incubation chamber
at 37°C for 72 hours, after which the teeth were taken
out and washed with water for 60 seconds.

Methods for registration of outcomes

The measurements in the dental enamel roughness
parameters were made at the contact surface of the
molars at the level of the tooth equator using the
diagonal and the horizontal profiles by means of
the S Neox confocal optical profilometer (Sensofar,
Spain). The three-dimensional images of the surface
were obtained with the x50 objective lens (vision field
dimensions 351x264 pym, resolution 0.13 ym) with using
the LED (Light Emitting Diode) light source at various
wavelengths: red (630 nm), green (530 nm), blue
(460 nm) and white.

The digital processing of the dental enamel surface
scans was conducted using the Senso SCAN and
Gwyddion software products.

The procedures of evaluating the roughness
parameters of the enamel surface were carried out in
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accordance with the State Industry Standard (GOST)
R ISO 25178-2-2014', regulated by the State Industry
Standard (GOST) 2789-73. The automatic data
calculations were done using the Sensofar software
(in accordance with ISO 4287).

The following parameters were evaluated within the
ranges of the basic length, allowing for interpreting the
changes in the dental enamel surface roughness at
the stages of the experiment: Ra (average roughness) —
the arithmetic mean of the deviations in the estimated
profile; Rp (maximum peak height) — the maximal peak
height within the profile.

Statistical analysis

For the statistical processing of the results and
for describing the data, the Statistica 13.3 (StatSoft
Inc.) and the GraphPad Prism 9 version 9.4.1 software
products were used. The mean values of the parameters
were provided as M+m, where M is the mean value and
m is the error of the mean. The statistically significant
differences taken into account were the ones with the
significance level (p) not exceeding 0.05.

RESULTS

Research sample (participants)

Within the premises of the Dentistry Department
of the FSBI CPE CSMA, a total of 200 students aged

' National Standard of the Russian Federation. GOST R ISO
25178-2-2014. The geometric characteristics of the products
(GPS). Access mode: https://docs.cntd.ru/document/12001163
49?ysclid=mc1xy4b8js53577141

22-25 years (68 males and 132 females) were screened
and underwent testing purposed to determine the
polymorphism of the VDR gene (Bsml rs1544410).

Based on the results of genetic testing, the group
with homozygous A/A allele of the VDR gene consisted
of 36 individuals (16 males and 20 females) with
diagnosed vitamin D deficit (blood serum concentration
was 9.04+2.02 ng/ml). From this group, 18 individuals
were selected (7 males, 11 females), in which, due to the
presence of orthodontic indications, an extraction of
the third mandibular molars was carried out (diagnosis:
“K07.35 Impacted or unerupted teeth”).

Primary findings

In the individuals with homozygous polymorphism
(A/A) of VDR gene, the microstructure of the dental
enamel samples stored in the artificial saliva solution
(group |, control) had changes in the structural profile.
The three-dimensional image of the surface of dental
sample, provided in Fig. 2, had a characteristic pattern
of numerous peak-like elevations above the baseline
surface, presented as an inhomogeneous plane of
predominantly red color. Fig. 3 shows the graphic
profile of such surface, having a high rate of alternating
peaks and valleys. After the digital processing of the
obtained data, the Ra value was determined, which
equals 0.436+0.052 upon measuring in the diagonal
direction and 0.308+0.172 for the horizontal direction
(Fig. 4), along with the values of the maximal height
variation of the Rp — 1.421+£0.16 and 1.440+0.46,
respectively (Fig. 5).

LED light source (wavelegth)

. red peak (630 nm)

_ white (550 nm)

e 4
340.0 0.0

Fig. 2. Three-dimensional image of the enamel surface sample from group |.
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Z axis — roughness
| height parameters

X axis — base length
of the measured

enamel section

the first group (artificial saliva
solution)

the second group
(artificial saliva solution +
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. of enamel with toothpaste +
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Fig. 3. Enamel surface profile of the sample from group I.
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Fig. 4. Ra parameter chart (the arithmetic mean of the deviations for the estimated profile: 1 — diagonal measurement;

2 — horizontal measurement).

the first group (artificial saliva
solution)

6 p=0.00005 p=0.0003
p=0.005 Q/ p=0.003 q(
5
the second group
p=0.03 p=0.03 (artificial saliva solution +
4 vitamin D
p=0.04
3 «©
p=0.01 X = the third group (treatment
G i of enamel with toothpaste)
2 N~ ©
: : s )
o o
1 S 3
© = the fourth group (treatment
- . of enamel with toothpaste +
0 vitamin D)
1 2
Fig. 5. Rp parameter chart (maximum height of the profile peak: 1 — diagonal measurement; 2 — horizontal
measurement).
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The enamel surface in the extracted impacted
teeth from the group Il with an addition of 1000 IU of
cholecalciferol to the artificial saliva solution, upon
the analysis of its three-dimensional images, had an
enlarged area of the green and blue-colored fields
(Fig. 6). The graphic representation of the height peaks
has shown a moderate variation between the highest
and the lowest points of the roughness line graph
(Fig. 7). After the digital evaluation of the surface profile,
the Ra parameter was 0.840+0.119 for the diagonal
measurement and 0.855+0.147 for the horizontal one
(see Fig. 4), the Rp criterion has shown the values of
1.95+0.04 and 2.45+0.04 (see Fig. 5).

The surface pattern of dental samples after rubbing
the toothpaste with remineralizing compound in
group lll was visualized in the three-dimensional images
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as the predominance of colored areas of green and blue
spectrum as compared to the moderately expressed
red-colored areas (Fig. 8). The distribution of colors had
intensive optical borders. The graphic representation of
the surface of the enamel treated with the toothpaste,
was observed as a wave-like line, in which foci of
smoothened peak profile was alternating with the
peak-like ones (Fig. 9). The values of roughness were the
following: Ra 0.966+0.256 (diagonal measurement) and
1.281+0.586 (horizontal measurement) (see Fig. 4), while
the height variation (Rp) was 2.21+0.86 and 2.49+0.41,
respectively (see Fig. 5).

In group 1V, after processing with the toothpaste
having a remineralizing effect and after an addition of
vitamin D (1000 IU per 100 ml), the three-dimensional
images of the surface looked structurized, without any

LED light source (wavelegth)

. red peak (630 nm)

. green (530 nm)
. blue (460 nm)

~0.0

340.0

Fig. 6. Three-dimensional image of the dental enamel surface sample from group II.

Z axis — roughness
height parameters

X axis — base length

Z, nm

of the measured

enamel section

Fig. 7. Enamel surface profile of the sample from group II.
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LED light source (wavelegth)

»

e - 283.7

. red peak (630 nm)

white (550 nm)

. green (530 nm)

. blue (460 nm)

340.0 00

Fig. 8. Three-dimensional image of the dental enamel surface sample from group Ill.
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X axis — base length
of the measured

enamel section
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Fig. 9. Enamel surface profile of the sample from group Il

sharp peaks or valleys, also having a clear geometry of
colored zones (Fig. 10). The profile graph did not have
a peak-like gradient of graphic height, while the enamel
surface has gained quite a smooth pattern with no signs
of porous structure (Fig. 11). The roughness parameter
Ra had the following values: diagonal measurement
3.482+0.158, horizontal - 3.568+0.476, Rp — 4.67+0.74
and 4.87+0.98, respectively (see Fig. 4, 5).

DISCUSSION

In all the groups, upon analyzing the results
of measurements at the horizontal and diagonal
directions, we have obtained the parameter values
with no significant difference, which indicated the
significance of data measured for the surface of the

object having a volumetric non-linear shape — the
equatorial zone of the contact surface of the tooth.

In patients with homozygous polymorphism (A/A)
in the VDR gene, when evaluating the results of
confocal profilometry, we have found that in group Il
(teeth contained in the solution of artificial saliva and
vitamin D), changes have developed in the roughness
of the enamel surface of the extracted teeth.
An elevation of the values for the parameters Ra
(1.4-fold; p=0.01) and Rp (2-fold; p=0.01) comparing to
the group | (control) indicated the smoothness of the
surface profile (see Fig. 4, 5). In the three-dimensional
images, the additionally visualized findings included an
enlargement of the areas colored green and blue (see
Fig. 6). It can be suggested that this transformation
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Fig. 10. Three-dimensional image of the dental enamel surface sample from group IV.

17.5

Z axis — roughness
height parameters
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enamel section

120

Fig. 11. Enamel surface profile of the sample from group IV.

of the enamel surface is related to the formation of
mineralization zones due to the sedimentation of
calcium-phosphate compounds from the artificial
saliva solution in the presence of vitamin D.

The results in groups Il (addition of cholecalciferol
to the artificial saliva solution) and Ill (processing the
enamel of the extracted teeth with remineralizing
toothpaste) had significant changes in the roughness
parameters comparing to the group | (control).

Upon comparing the Ra and Rp digital parameters
between groups Il and lll, statistically insignificant
differences were revealed: the presence of
cholecalciferol in the artificial saliva or processing with
remineralizing toothpaste have demonstrated similar
digital values of roughness.

www.clinpractice.ru
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As for the samples from group IV (extracted teeth
contained in the artificial saliva solution with vitamin D
and processed with remineralizing toothpaste),
they have demonstrated significant changes in
the roughness of the enamel surface, which was
confirmed by an increase in the values of Ra (8-fold;
p=0.000001) and Rp (3-fold; p=0.00005) comparing
to the control group | (see Fig. 4, 5). The obtained
results are determined by the synergetic effects of
vitamin D and microRepair microcrystals contained in
the toothpaste.

This research points out that, among the individuals
carrying the homozygous polymorphism (A/A) of
the VDR gene, the combined use of remineralizing
toothpaste and cholecalciferol promotes to the
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improvement in the structure of the dental enamel and
increases the level of its resistance.

CONCLUSION

In patients with homozygous polymorphism (A/A)
of the VDR gene, upon containing the extracted
impacted teeth in the solution of artificial saliva with
further addition of cholecalciferol at a concentration
of 1000 1U/100 ml and upon treating the enamel with
remineralizing toothpaste, significant changes were
shown for the Ra (p=0.000001) and Rp (p=0.00005)
parameters. The increase of the values of these
parameters results in a decrease in the pronounced
roughness of the dental enamel, which is related to
the formation (in the presence of vitamin D evenly
distributed along the surface) of the homogeneous
layer consisting of microRepair microcrystals.

The obtained results can be used for developing
the program of preventing dental caries related to
the impaired mineral metabolism caused by the
homozygous polymorphism (A/A) of the VDR gene
among the patients, which are in the high risk group.

ADDITIONAL INFORMATION

Author contributions. S.N. Tikhonova: collection
and analysis of literary sources, conducting the
experimental part of the study, preparing and
writing the text of the article; M.V. Kozlova: idea and
design of the study, surgical treatment of patients
participating in the study, editing the text of the article;
E.A. Gorbatova: analysis of literary sources, editing
the text of the article. Thereby, all authors provided
approval of the version to be published and agree to
be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of
any part of the work are appropriately investigated
and resolved.

Acknowledgements. The authors express
gratitude to the employees of “MyGenetics” National
Center of Genetic Tests” LLC (Novosibirsk, Russia):
to the Head of the Development Department
V.V. Polunovskiy, to the Senior Specialist O.V. Chedulova
for arranging the analysis of genetic material and for
the interpretation of the obtained data.

The authors express gratitude to the Senior
Research Associate of the Laboratory of the FSBSI
“Technological Institute for Superhard and Novel
Carbon Materials” under the National Research Center
“Kurchatov’s Institute” (Moscow, Troitsk, Russia)
E.V. Gladkikh for the provision of equipment and for the
help in arranging the experimental part of the research.

ORIGINAL STUDY ARTICLE

Ethics approval. All the patients enrolled into the
research have signed the voluntary consents for the
conduction of all the medical procedures, according to
the Decree issued by the Ministry of Health and Social
Development of the Russian Federation No. 390n
dated 23.04.2012, in accordance with the Article 20
of the Federal Law No. 323 dated 21.11.2011. The
research protocol was approved by the local Ethics
Committee of the FSBI CPE CSMA, extract from the
session protocol No. 1, dated 07.02.2023.

Funding sources. No funding.

Disclosure of interests. The authors declare that
they have no known competing financial interests or
personal relationships that could have appeared to
influence the work reported in this paper.

Statement of originality. The authors did not utilize
previously published information (text, illustrations, data)
in conducting the research and creating this paper.

Data availability statement. The editorial policy
regarding data sharing does not apply to this work,
data can be published as open access.

Generative Al. Generative Al technologies were
not used for this article creation.

Provenance and peer-review. This paper was
submitted to the journal on an initiative basis and
reviewed according to the usual procedure. Two
external reviewers and the scientific editor of the
publication participated in the review.

REFERENCES

1. KysbmuHa 3.M., Anywesuny O.0., Kyabmura W.H., JlanatuHa A.B.
TeHgeHUMM pacnpoCTPaHEHHOCTN Y UHTEHCUBHOCTU Kapueca
3y60B cpenu HaceneHnst Poccuu 3a 20-neTHuin nepuog / Dental
forum. 2020. Ne 3. C. 2-8. [Kuzmina EM, Yanushevich OO,
Kuzmina IN, Lapatina AV. Tendency in the prevalence of dental
caries among the Russian population over a 20-year period.
Dental forum. 2020;(3):2-8]. EDN: GARUBC

2. Shungin D, Haworth S, Divaris K, et al. Genome-wide
analysis of dental caries and periodontitis combining clinical
and self-reported data. Nat Commun. 2019;10(1):2773.
doi: 10.1038/s41467-019-10630-1

3. Hukonaesa B.B., TepeweHko J1.0., Bonobyes B.B. Ponb BuTa-
MuHa D B passuTum ctomatonornyecknx 3abonesaHuin (063op
nutepartypsl) // Colloquium-Journal. 2019. Ne 10-3. C. 26-28.
[Nikolaeva VV, Tereshchenko LF, Volobuev VV. The role of
vitamin D in the development of dental diseases (literature
review). Colloquium-Journal. 2019;(10-3):26-28]. EDN: YWGGDV

4. TuxoHoBa C.H., Kosnosa M.B., lop6atosa E.A. BnusHue nonu-
Mopduama reHa VDR Ha nokasaTefnim MHTEHCUMBHOCTM U pac-
NPOCTPaHeHHOCTN Kapueca 3y6oB // KpemneBckas MeguuymHa.
KnnHndeckuin BectHuK. 2023. Ne 3. C. 68-72. [Tikhonova SN,
Kozlova MV, Gorbatova EA. The influence of the VDR gene
polymorphism on the indicators of the intensity and prevalence of
dental caries. Kremlin medicine. Clinical bulletin. 2023;(3):68-72].
doi: 10.48612/cgma/eabv-bb58-h8k7 EDN: ECERGF

5. Qin X, Wang M, Wang L, et al. Association of vitamin D receptor
gene polymorphisms with caries risk in children: A systematic
review and meta-analysis. BMC Pediatr. 2024;24(1):650.
doi: 10.1186/s12887-024-05127-w

50 https://doi.org/10.17816/clinpract678365


https://elibrary.ru/garubc
https://doi.org/10.1038/s41467-019-10630-1
https://elibrary.ru/ywggdv
https://doi.org/10.48612/cgma/eabv-bb58-h8k7
https://elibrary.ru/ecergf
https://doi.org/10.1186/s12887-024-05127-w

ORIGINAL STUDY ARTICLE

6. TuxoHosa C.H., Kosnosa M.B., lopbatoBa E.A., EBctadbe-

Ba O.Jl. BnusiHue ButammHa D un pemuHepanmaupytoLen
nacTbl Ha MOBEPXHOCTb 3Mann y MauueHToB C MOAMMOp-
¢u3mom reHa VDR // Poccuiickuii cTOMaTonormn4eckuii xyp-
Han. 2024. T. 28, Ne 1. C. 61-69. [Tikhonova SN, Kozlova MV,
Gorbatova EA, Evstafyeva OL. Changes in the enamel surface
in patients with polymorphism of the VDR gene under the action
of remineralizing composition and vitamin D. Russian Journal
of Dentistry. 2024;28(1):61-69]. doi: 10.17816/dent623808
EDN: UPYQCE

leramsiH A.O., Capan J1.P., 3enbepT A.FO. OueHka ckopocTu pe-
MVHEpan13aLyn amManm npvi NOMOLLM KONMYECTBEHHOWN CBETOMH-
AyLmMpoBaHHoO hnyopecueHumn // KnmHndeckasi CToMaTosioryis.
2021.T. 24, Ne 4. C. 13-17. [Gegamyan AO, Sarap LR, Zejbert AYu.
Evaluation of the rate of enamel remineralization using quantitative
light-induced fluorescence. Clinical Dentistry. 2021;24(4):13-17].
doi: 10.37988/1811-153X_2021_4_13 EDN: KKQQAG

Exkumos E.B., CkpunkuHa N., CmetanunH A.A., KopluyHos A.TT.
O6bekTuBHasA oueHka 3eKTUBHOCTU KapuecnpodunakTm-
Yeckux cpepcts // Ctomaronorus. 2021. T. 100, Ne 5. C. 15-18.
[Ekimov EV, Skripkina Gl, Smetanin AA, Korshunov AP. Objective
assessment of the effectiveness of caries-preventive agents.
Dentistry. 2021;100(5):15-18]. doi: 10.17116/stomat202110005115
EDN: KXNPTJ

10.

1.

12.

13.

Farooq |, Bugshan A. The role of salivary contents and
modern technologies in the remineralization of dental
enamel: A narrative review. F71000Res. 2020;9:171.
doi: 10.12688/f1000research.22499.3

Grohe B, Mittler S. Advanced non-fluoride approaches to
dental enamel remineralization: The next level in enamel
repair management. Biomat Biosyst. 2021;4:100029.
doi: 10.1016/j.bbiosy.2021.100029

Hbsykosa E.1O., TpudoHosa [.0., 6agynaesa M.O., n gp. Bnns-
Hve feduvumta BuTamMmuHa D Ha COCTOsIHME 3y604ENOCTHON cucTe-
Mbl: 0630pHasi ctatbs / OcTeornopos n octeonatum. 2021. T. 24,
Ne 1. C. 19-25. [Dyachkova EYu, Trifonova DO, Ibadulaeva MO,
et al. The effect of vitamin D deficiency on the state of the dental
system: A review article. Osteoporosis and Bone Diseases.
2021;24(1):19-25]. doi: 10.14341/oste012719 EDN: WUDDUU
Sengin Berber E, Ko¢ FU, Aykut A, et al. The role of
serum vitamin D levels and vitamin D receptor (VDR) gene
variants on dental caries. Children (Basel). 2024;12(1):7.
doi: 10.3390/children12010007

Austin RS, Giusca CL, Macaulay G, et al. Confocal laser scanning
microscopy and area-scale analysis used to quantify enamel
surface textural changes from citric acid demineralization
and salivary remineralization in vitro. Dent Mater.
2016;32(2):278-284. doi: 10.1016/j.dental.2015.11.016

AUTHORS’ INFO

The author responsible for the correspondence:
Marina V. Kozlova, MD, PhD, Professor;
address: 19 Marshal Timoshenko st, bldg. 1A,
Moscow, Russia, 121359;

ORCID: 0000-0002-3066-206X;

eLibrary SPIN: 5546-2489;

e-mail: profkoz@mail.ru

Co-authors:

Svetlana N. Tikhonova;
ORCID: 0009-0004-7372-8833;
eLibrary SPIN: 6610-7509;
e-mail: tixonovalana@gmail.com

Ekaterina A. Gorbatova, MD, PhD, Professor;
ORCID: 0000-0002-7729-7979;

eLibrary SPIN: 5836-2399;

e-mail: gorbatova_k@mail.ru

www.clinpractice.ru

OB ABTOPAX

ABTOp, OTBETCTBEHHbIN 32 NEPENUCKY:

Kosnosa MapuHa BnagneHoBHa, o-p Mef. Hayk,
npodeccop;

appec: Poccusa, 121359, Mocksa,

yn. Mapuwana TumoLleHko, a. 19, ctp. 1A;

ORCID: 0000-0002-3066-206X;

eLibrary SPIN: 5546-2489;

e-mail: profkoz@mail.ru

CoasTopbl:

TuxoHoBa CBeTnaHa HukonaesHa;
ORCID: 0009-0004-7372-8833;
eLibrary SPIN: 6610-7509;

e-mail: tixonovalana@gmail.com

Fop6aTtoBa EkaTepuHa AnekcaHApoOBHa, O-p Mef. Hayk,
npodeccop;

ORCID: 0000-0002-7729-7979;

eLibrary SPIN: 5836-2399;

e-mail: gorbatova_k@mail.ru

51

2025

Vol 16 12


https://doi.org/10.17816/dent623808
https://elibrary.ru/upyqce
https://doi.org/10.37988/1811-153X_2021_4_13
https://elibrary.ru/kkqqag
https://doi.org/10.17116/stomat202110005115
https://elibrary.ru/kxnptj
https://doi.org/10.12688/f1000research.22499.3
https://doi.org/10.1016/j.bbiosy.2021.100029
https://doi.org/10.14341/osteo12719
https://elibrary.ru/wudduu
https://doi.org/10.3390/children12010007
https://doi.org/10.1016/j.dental.2015.11.016
https://orcid.org/0000-0002-3066-206X
https://www.elibrary.ru/author_profile.asp?spin=5546-2489
mailto:profkoz@mail.ru
https://orcid.org/0009-0004-7372-8833
https://www.elibrary.ru/author_profile.asp?spin=6610-7509
mailto:tixonovalana@gmail.com
https://orcid.org/0000-0002-7729-7979
https://www.elibrary.ru/author_profile.asp?spin=5836-2399
mailto:gorbatova_k@mail.ru
https://orcid.org/0000-0002-3066-206X
https://www.elibrary.ru/author_profile.asp?spin=5546-2489
mailto:profkoz@mail.ru
https://orcid.org/0009-0004-7372-8833
https://www.elibrary.ru/author_profile.asp?spin=6610-7509
mailto:tixonovalana@gmail.com
https://orcid.org/0000-0002-7729-7979
https://www.elibrary.ru/author_profile.asp?spin=5836-2399
mailto:gorbatova_k@mail.ru

	КЛИНИЧЕСКАЯ ПРАКТИКА, 2025, Том 16, № 2
	The Evaluation of Efficiency of the Impact of Vitamin D 
and Remineralizing Toothpaste on the Structure 
of the Dental Enamel in the Individuals with Homozygous Polymorphism in the Gene, Encoding the Intracellular 
Vitamin D Receptor (VDR) 
	Abstract
	For citation: 

	BACKGROUND 

	Оценка эффективности действия витамина D 
и реминерализирующей пасты на структуру эмали зубов 
у лиц с гомозиготным полиморфизмом гена, 
кодирующего внутриклеточный рецептор витамина D 
	Аннотация
	Для цитирования: 

	Methods
	Research design
	Conformity criteria 
	Research facilities 
	Research duration 
	Medical procedure description 
	Research outcomes 
	Methods for registration of outcomes
	Statistical analysis

	Results
	Research sample (participants) 
	Primary findings 

	Discussion
	Conclusion
	Additional information
	References
	Authors’ info
	Об авторах



